Introduction
Neuroendocrine tumours (NETs) derive from the neuroendocrine cell system, which is widely distributed in the body, and are a rare and heterogeneous group of neoplasms characterized by embryological, biological and histopathological differences [1] [2] [3] . The most frequent sites of NETs are the gastrointestinal tract (70%) and the broncopulmonary system (25%); the distribution of tumours inside the gastrointestinal tract involves the small bowel (28%), appendix (19%) and rectum (13%) [4] .
The broad heterogeneity characterizing NETs has always posed problems regarding their correct classification. A distinction between foregut, midgut and hindgut tumours was used to describe carcinoids originating from anterior, medium and posterior bowel, respectively. Subsequently, another functional subclassification related to either the presence or the absence of a syndrome caused by hypersecretion of humoral factors by the NET cells, was proposed (biologically active or inactive NETs).
Recently, a new classification of NETs has been proposed and adopted by the World Health Organization (WHO) [5] . In order to explain the natural history of NETs more adequately, this classification is based on a series of histopathological and biological characteristics: cellular grading, primary tumour size and site, cell proliferation markers, local or vascular invasivity, and the production of biologically active substances. The main categories of tumour are classified as follows: well differentiated endocrine tumours characterised by a low grade of malignancy and well differentiated endocrine carcinomas which are more aggressive because of the presence of metastases; poorly differentiated endocrine carcinomas with a high grade of malignancy and a poor prognosis; mixed exocrineendocrine tumours. This classification enables neuroendocrine tumours in the gastroenteropancreatic tract to be diagnosed easily, but unfortunately it is not applicable to lung tumours.
The classification of lung tumours is currently based on that of Travis et al. [6] who recognised the following categories: typical carcinoid, atypical carcinoid, small-cell lung cancer (SCLC) and large-cell neuroendocrine carcinoma (LCNC). Typical carcinoids have a clinical behaviour similar to that of well differentiated neuroendocrine tumours; SCLC and LCNC are poorly differentiated neuroendocrine carcinomas. Atypical carcinoids are found to be more aggressive than typical carcinoids but less aggressive than small-cell carcinoma (poorly differentiated NETs). Furthermore, a few moderately differentiated tumours with cellular and structural types intermediate between well and poorly differentiated NETs have also been found among gastroenteropancreatic NETs. This observation supports the comments in the introduction to the second edition of the Histological Typing of Endocrine Tumours by Solcia et al. [5] that this was not sufficient to warrant a separate category at these sites or in the general classification of endocrine tumours. However, the new WHO classification provides important clinical features which aid in formulating a diagnosis and a prognosis and, consequently, in suggesting suitable therapeutic programmes for NETs.
The poorly differentiated tumours together with SCLC and LCNC have a high proliferation index and can be treated with chemotherapy, although there is not yet a standard combination regimen. Cisplatin plus etoposide and streptozotocin in combination with 5-fluorouracil and doxorubicin are frequently employed [7, 8] . Recently a new combination chemotherapy with doxorubicin, 5-fluorouracil and dacarbazine has demonstrated its activity in the treatment of NETs [9] .
In patients with well differentiated neuroendocrine tumours or typical carcinoids, which show a low proliferation index, biotherapy (somatostatin analogues and interferon-a) is the treatment of choice, because of the intense biological activity of these tumours correlated with carcinoid syndrome [10] [11] [12] .
Somatostatin analogues (octreotide and lanreotide), which bind the somatostatin receptors expressed on neuroendocrine tumour cells, are considered the first-line treatment in low-grade NETs [13] [14] [15] [16] [17] [18] , although the correlation between somatostin receptor expression and clinical response is still uncertain. The antitumour activity of these agents is likely to be related to the reduction of tumour growth factors, such as insulin-like growth factor (IGF-I) and epidermal growth factor (EGF), and to the reduction of biologically active substances. On average, somatostatin analogues are able to achieve syndrome control and biochemical changes in 70% and 30 -50% of patients, respectively, but they are associated with a very low rate of objective response ($ 10%) [17] .
The use of long-acting (LAR) formulations of octreotide has provided a significant improvement in patient compliance by changing the schedule from three daily subcutaneous administrations to one intramuscular administration every 28 days [19] .
In light of this evidence, we decided to select patients with low-grade NETs, who had never been treated, using the new WHO classification and, for the reasons mentioned above, to treat them with a somatostatin analogues, with the aim of evaluating the consistency between diagnosis and response rate. Table 1 .
Patients and methods
The histological diagnosis of well differentiated NET was assessed in 30 patients using the new WHO criteria [5] ; a diagnosis of medullary thyroid carcinoma (MTC) was obtained in only one patient. We treated this patient with somatostatin analogues because his clinical condition precluded the use of chemotherapy. Six patients presented with lung primary tumour and three of them had atypical carcinoid. The decision to include these patients in this study was based on the absence of a standard firstline treatment for these neoplasms. Only 12 patients received surgical intervention on the primary tumour; the other 19 patients presented with an inoperable tumours at diagnosis.
The following variables were recorded for each patient before starting treatment: sex, age, performance status (<2 ECOG), disease-free interval (DFI), number of metastatic sites, Octreoscan w uptake, bone radiographs, presence or absence of carcinoid syndrome and serum chromogranin A (CgA) and calcitonin (Ct) levels.
The study was approved by the local institutional ethical committee. The patients gave their informed written consent before starting the trial.
Somatostatin analogue treatment
Treatment consisted of injection of LAR octreotide 30 mg intramuscularly (i.m.) every 28 days until disease progression or toxicity. The treatment schedule was as follows: before starting LAR octreotide, induction therapy with octreotide 0.1 mg s.c. every 8 h for 14 days was performed. At the end of this 14-day period, LAR octreotide was administered and octreotide 0.1 mg s.c. every 8 h was maintained for a further 14 days.
Evaluation of responses
The objective, symptomatic and biochemical responses were separately evaluated as previously described by the Italian Trial in Medical Oncology (ITMO] [10] . The first assessment of response was carried out after 3 months of treatment by evaluating the size of the tumour lesions, the presence of syndrome, and the values of tumour markers. The responses were assessed every 3 months thereafter. The change in tumour size was calculated according to the WHO criteria [16] . The symptoms were monitored monthly in the first 3 months of treatment, and then every 3 months until the end of the study. The biochemical response was assessed by measuring serum CgA levels because this biomarker is the most useful indicator for NET monitoring [20] [21] [22] . The evaluation of serum Ct levels was also performed for the patient with diagnosis of MTC.
Specimen collection and analytical methods
Peripheral blood was collected by venipuncture on the day of octreotide administration and before the drug injection. Plasma and serum separation was achieved by centrifugation (1500 g for 15 min) at room temperature. Finally, the supernatants were divided into aliquots and stored at À608C until the day of the assay.
Ct was measured in serum samples by means of immunoradiometric assays purchased from CIS Bio International (Gif sur Yvette Cedex, France), RADIM (Pomezia, Italy), Scantibodies Laboratory Inc (Santee, USA) and Immunotech (Prague, Czech Republic). CgA was determined by an enzyme-linked immunosorbent assay (ELISA) supplied by DAKO A/S (Glostrup, Denmark). All the assessments were performed in duplicate and the tested samples were appropriately diluted if necessary.
Statistical analysis
This was an open non-comparative clinical study in which no null hypothesis was being tested. The major endpoint was to evaluate the consistency between the diagnosis of low-grade NETs and the response rate in patients suitable for hormonal treatment. No formal statistical analysis was planned. Clinical, laboratory and subjective data were reported as mean ( ± standard deviation), median, range or percentage as appropriate. Confidence intervals (95%) were also calculated.
Survival and time to progression (TTP) curves were calculated using the Kaplan-Meier method.
Results
All of the 31 patients were considered to be evaluable for response and toxicity. Could not be assessed in three patients.
Confirmation of diagnosis
At the end of the study in 2002, we observed that disease had rapidly progressed in eight patients although the results of their histological examination indicated a well differentiated NET. The reasons for this failure in antitumour response were investigated and we concluded that further examination (e.g. proliferative index) would be necessary in order to confirm the histological diagnosis. On the basis of these conclusions, we decided to re-evaluate the histological samples from these patients in an attempt to identify variables of prognostic value. The histological re-examination of all samples was performed by a single pathologist, and the details are reported in the relevant sections.
Tumour response
No complete responses occurred; two partial responses (6%) were observed and disease stabilisation occurred in 16 patients (52%). In 95% of patients disease stabilisation lasted for > _ 6 months. Thirteen patients (42%) showed a disease progression: eight patients (26%) had an early progression before 3-6 months of treatment, and six patients (19%) progressed after 9 months of treatment. Surgery was carried out in only two of these patients; in the remaining cases the disease was metastatic at diagnosis. It is worth noting that DFI (from surgery to disease relapse) was 2.2 months in the patients who experienced an early progression compared with 6.0 months for all the patients studied. Table 2 summarises the characteristics of the eight patients with disease progression within 6 months. The pattern of clinical responses is in agreement with that observed in other trials [20, 21, 23] , because eight patients (26%) were withdrawn from the treatment with LAR octreotide after only three to six administration (two patients after two administrations) because of rapid disease progression. After this treatment failure, these patients were treated with chemotherapy and they experienced prolonged disease control.
The histological analyses carried out after the study (Tables 2 and 3 ) failed to identify any reason for the failure of the hormonal treatment. However, it is worth noting that in these patients the disease progression always occurred in liver with the involvement of other sites. The marker levels were pathological in all the patients; however, MIB-1 (assessable in six patients) was very high in only two patients, who had metastases in liver and peritoneum and in liver, lung and bone, respectively.
Biochemical response
Serum CgA levels were evaluable in 24 patients, with an upper normal limit < _ 34 U/l. At baseline, increased serum CgA levels were observed in 23/24 patients (96%), and after 3 months of treatment there was a decrease (>50% compared with the baseline value) in 11/24 patients (46%). These patients showed the following clinical response: two complete responses (18%), three partial responses (27%), four no change (36%) and two disease progressions (19%). Serum CgA levels were assessable in only three patients with rapid disease progression, and dramatically increased compared with baseline values which were already out of normal range.
In the patient with diagnosis of medullary thyroid carcinoma, calcitonin was above the normal limit at baseline. The patient experienced an early progressive disease and the new value of the marker was not assessable.
Subjective response
The effects of LAR octreotide were evaluated in 14 patients (46%) with carcinoid syndromes. The syndrome disappeared completely in one patient, while a reduction of intensity or frequency of episodes (diarrhoea and flushing) occurred in five patients (35%). In four patients (28%) the symptoms did not change. Five patients experienced symptom progression. Three patients with early disease progression had carcinoid syndrome, but the reduction of symptoms was significant in only one patient.
Overall survival and time to progression
The study was closed on 1 January 2003. The median overall survival was not reached and the median TTP was 18 months (range 1 -49 months). The OS and TTP curves are shown in Figures 1 and 2 , respectively.
Tolerability
Diarrhoea (7%), steatorrhoea (17%) and abdominal pain (7%) were the most frequent grade 1-2 adverse effects recorded.
No adverse NCI-CTC grade 4 events were recorded, and no patient was withdrawn from the study because of adverse effects.
Discussion
The carcinoid tumours were described more than 100 years ago and considered to show indolent behaviour compared with typical adenocarcinomas [24] . It is well known that the clinical diagnosis of NETs is uncertain, difficult and often occasional, resulting in NETs generally being considered as tumours of low incidence. The difficulty in identifying patients with NETs is compounded by the problem of NET classification and, as consequence, it is difficult to select the appropriate therapeutic approach. Capella et al. [25] published a revised classification suggesting replacement of the term 'carcinoid tumours' by the term 'neuroendocrine tumours' to include all neuroendocrine tumours. This classification was updated by Solcia and colleagues and adopted by the WHO [5] , who suggested the following categories: (1) well differentiated endocrine tumours characterised by a low grade of malignancy and well differentiated endocrine carcinomas which are more aggressive because of the presence of metastases; (2) poorly differentiated endocrine carcinomas; (3) mixed exocrine -endocrine tumours. The main difference between poorly differentiated and well differentiated endocrine carcinoma is evaluated by means of histological preparations, and in general it is reasonable to treat the former by chemotherapy and the latter by hormone therapy.
In agreement with these recommendations, the current trial was carried out on 31 evaluable patients showing histologically well differentiated NETs with a metastatic disease. All of these patients were treatment naive, a factor which accounts for the low number of recruited subjects. However, there was no bias due to any previous interference with tumour responses by pharmacological treatment.
Despite the confirmed presence of a low aggressive tumour, disease progressed rapidly in eight patients although they received the appropriate therapy. In order to explain these results we re-evaluated their histological samples, but unfortunately these tests were unable to suggest or discriminate any predictive value for expected clinical response and prognosis, because no correlation was found between MIB-1, mitotic count, grading, presence of necrosis and vascular and/or lymphatic invasion. These patients showed the clinical picture of the tumour with similar characteristics, because all of them had liver metastases and about 50% suffered from a primary lung tumour: thus a primary neoplasm of the lung and the presence of extensive liver metastatic disease could explain the poor response to therapy. The difference in DFI between nonresponders and responders to the treatment is interesting (2.2 months compared with 6.0 months). However, this evidence was obtained from a small number of patients (two compared with 12 patients). Thus our experience suggests that, while the new classification is a useful tool for a preliminary selection of patients, it has limitations. These data seem to be consistent with the observations of Travis et al. [6] about atypical NETs which can be identified as either well differentiated NETs or poorly differentiated NETs and, interestingly, not only for lung but also for gastroenteropancreatic tract tumours.
We would like to highlight the observation that responding patients, i.e those with an appropriate diagnosis, showed prolonged overall survival. This result is consistent with the study by Quaedvlieg et al. [26] who showed an improved survival in patients with metastatic disease diagnosed after 1992, probably because of the use of somatostatin analogues. In our series the median survival time was not reached, whereas it was 43 months in unselected patients at any stage of disease and receiving treatment. Thus the combination of additional examinations could improve the quality of the diagnosis, serving the ultimate purpose of treating patients appropriately.
In conclusion we believe that it is feasible to use the new WHO criteria to evaluate the characteristics of the tumour and the prognosis and, considering them jointly with the clinical and biological features of the tumour, to prescribe appropriate treatment. In our experience important characteristics to be taken into account could be the site of the primary tumour, liver involvement, high MIB-1 levels and a long DFI, although the clinical and prognostic impact of each of these variables remains to be established.
We have in progress a clinical study that takes into account these suggestions, and further clinical trials are warranted.
